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However, too much faith cannot be placed on intercepts taken so near the origin, 
with small deflections. 
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SHOCK OR WATER RAM IN PIPE LINES WITH IMPERFECT 
REFLECTION AT THE DISCHARGE END AND IN- 
CLUDING THE EFFECTS OF FRICTION AND 
NON-UNIFORM CHANGE OF VALVE 
OPENING 

By W. F. Durand 

Leland Stanford Jr. University 

Read before the Academy, April 27, 1920 

The classic treatment of the problem of shock in pipe conduits, as de- 
veloped by Joukovsky, Allievi and others, assimilates in effect the condi- 
tion of the water in the pipe line during the manifestation of the phenom- 
ena in question to that of a column of air in a closed organ pipe in longi- 
tudinal vibration, the reservoir end of the line corresponding to the mouth 
end of the pipe and the valve end of the line to the closed end of the pipe. 
On this basis the theory has been developed in some detail, especially by 
Allievi. 

In the treatment thus developed and in subsequent study of the prob- 
lem generally, it has been common to omit the following factors, the ex- 
istence of which must affect the result in actual cases : 

(1) The influence of the velocity head v 2 /2g. 

(2) The influence of friction. 

(3) The loss of energy through the discharge valve considered as a 
nozzle. 

(4) The influence due to a time rate of valve area closure irregular, or 
other than uniform. 

(5) The influence due to the fact that the valve end of the line is not 
closed completely so long as the valve is partly open (as in the operation 
of opening or closing). The analogy with the air in a closed organ pipe 
is, therefore, imperfect and in particular the reflection at this end must, 
under these conditions, be incomplete rather than complete, as commonly 
assumed. 
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The paper discusses the effect of the neglect of these conditions and a 
more general treatment, as an extension of the original treatment by 
Joukovsky, is then developed for taking care of conditions (1), (2), (3), (4). 

Based on this treatment a further extension is then developed, including 
the influence due to imperfect reflection at the valve end. 

Four different bases for the specification of the amount of reflection 
realized are presented and the treatment is developed to include any of 
these according to choice. 

These four methods are as follows: 

(1) A constant fraction or percentage of complete reflection. 

(2) A fraction or percentage of complete reflection defined as (ai- a)/a\ 
where ai = area of full valve opening and a = area of opening at any 
instant during valve movement. 

(3) A fraction or percentage of complete reflection defined as (A~ a) /A 
where A = cross-section area of pipe and a = area of valve opening at 
any instant during valve movement. 

(4) A fraction or percentage of complete reflection defined as (»i— v)/vi 
where for closure Vi = full initial velocity and for opening Vi — full final 
velocity, while v = velocity at any instant during valve movement. 

The treatment throughout the paper includes both closure and opening 
of the valve, either in whole or in part, or in general any amount of valve 
movement either in closure or opening. 

The paper is illustrated with diagrams showing typical numerical cases. 

Of the various conditions thus brought within the scope of a form of 
analytical treatment, the author considers that part of the paper relating 
to No. 5 of more especial interest, representing, so far as he is aware, a 
distinct extension of earlier treatments of the problem and in such manner 
as to bring under some form of analytical control an important condition 
which must always prevail in actual cases of the development of shock 
or water ram in liquid conduits. 
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